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Abstract 
In this work a honeycomb texture (HC-texture), which is created by isotropic wet chemical under-etching of an 
inkjetted mask, was successfully applied to Floatzone silicon (FZ-Si) wafers with a diameter of 150 mm. A nearly 
perfect HC-texture with 18.2 % reflection after texturization was obtained despite printing irregularities in the 
masking step. Lifetime measurements after emitter diffusion and anti-reflection coating show that the HC-texture is 
also better passivated than of the 25.8 % reflecting acidic texture that was used in the reference group. An overall 
efficiency gain of 0.6 % might be deduced when using a HC-texture instead of the acidic texture. 
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1. Introduction 
Multicrystalline silicon (mc-Si) solar cells are normally textured using an acidic texturization in HF, 
HNO3 and sometimes additional other additives. This texture typically yields a weighted reflection of 
between 26 % and 29 % [1]. The relatively high reflection of the texture is one of the main limitations of 
mc-Si material in comparison to monocrystalline silicon wafers, which reflect only about 12 % after 
anisotropic alkaline texturization. 
In order to lower the surface reflectance of mc-Si wafers a honeycomb-texture (HC-texture) could be 
applied by isotropically etching through a mask with a hexagonal opening pattern. The HC-textures, 
which are presented in literature, mostly reflect about 20 % of the incident light [2, 3]. However, 
theoretically a reflection as low as 15 % is possible [4]. Honeycomb textures also provide excellent light 
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trapping, especially if the rear side is polished and passivated as it is the case for passivated emitter and 
rear contact (PERC) solar cells. 
Most of the honeycomb textures that were already presented in literature are too complex and 
therefore too expensive for mass production [2, 3]. Recently we have presented a new process for creating 
a HC-texture [5] in which we make use of wet chemical etching through an inkjetted mask. Within this 
paper we will present the first results of using this process on lifetime samples with a diameter of 150 mm 
and compare their performance to standard acidic textured lifetime samples. 
2. Experimental 
We use three as-cut Floatzone silicon (FZ-Si) wafers with a diameter of 150 mm, an initial thickness 
of 250 μm and a bulk resistivity of 1 Ωcm. The first step of the production chain is polishing and saw 
damage removal by etching 10 μm of silicon from each side in an acidic, isotropically etching solution 
consisting of HF and HNO3. After polishing, an inkjet mask with hexagonally spaced openings with a 
diameter of 20 μm at a distance of 50 μm from each other is printed on both sides as has already been 
described in our previous publication [5]. It is printed on both sides in order to prepare symmetrical 
lifetime samples. The position of contact fingers and bus-bars are also masked on both sides within this 
inkjet step. The mask consists of a hotmelt wax which is resistant to the etching conditions in the 
subsequent etching step in 38 % (v/v) HF, 60 % (v/v) HNO3 and 2 % (v/v) acetic acid prepared from 40 
w/w % HF, 69 w/w % HNO3 and 100 w/w % acetic acid. The etching is carried out in a batch process for 
10.30 minutes at 12 °C and a moderate etching bath agitation.  
After mask removal in Acetone, a POCl3 diffusion forming a 75 W/sq. front emitter takes place. PSG 
removal is followed by a plasma enhanced chemical vapor deposited (PECVD) SiNx layer on both sides 
which passivates the surfaces and serves as anti-reflective coating (ARC). Its thickness was optimized for 
minimal reflection.  
A reference group consisting of three FZ-Si wafers was textured with a standard acidic texturization 
and is processed with the standard process for acidic texturized wafers at Fraunhofer ISE. All process 
steps were symmetrically applied on both sides. This group will be used in order to benchmark the 
performance of the honeycomb lifetime samples.  
Reflection data after texturization and after PECVD SiNx deposition has been recorded at wavelengths 
between 300 and 1200 nm for all wafers using an integrating sphere. From the data, a weighted reflection 
value is calculated. Weighing is carried out with the internal quantum efficiency of a typical mc-Si solar 
cell and the AM 1.5 spectrum. Furthermore the sheet resistance is inductively measured after emitter 
diffusion and the thickness of the SiNx-layer could was deduced from the reflection measurements after 
PECVD. The impact of the surface texture on the minority carrier lifetime was investigated by Quasi-
steady-state photo conductance measurements (QSSPC-measurements) after PECVD ARC and contact 
firing. 
3. Results of the texturization process 
After mask removal, a weighted reflection of as low as 18.2 % could be measured on the HC-textured 
FZ-wafers. However this value could only be achieved within a 11 cm x 11 cm circle in the middle of the 
wafers. Due to irregular bath agitation, the etch rate was faster at the edges of the wafer and hence the 
mask was removed earlier here, resulting in a polishing of this area. Therefore all further measurements 
were done on this 11 cm x 11cm spot in the middle of the wafers. 
Fig. 1 (Right) shows the 3D-Image of the HC-texture in the middle of the wafer. A well-developed 
honeycomb-texture can be seen where almost all etch pits have grown together. The etch pits are 22 μm 
deep and 47 μm wide on average, which results in an aspect ratio of 0.47 which is near to the theoretical 
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maximum of 0.5. This nearly ideal texture explains the low reflection value. The fact that, despite the 
printing irregularities (see Fig. 1 Left), this nearly ideal texture could be achieved, shows that the etching 
process is fairly insensitive to printing irregularities. 
 
 
Fig. 1. Fabrication of the honeycomb texture: (Left) Inkjet printed hotmelt mask printed on the FZ wafers. The white openings are 
irregular in size. (Right) 3D-image of the honeycomb texture in the middle of the FZ wafers. An optimal etching time results in 
etching pits that have grown together. Etching pits are normally half as deep as wide.  
The reflection curve of the honeycomb texture as well as that of the acidic texture can be seen in Fig. 
2. The acidic texture reflects 25.8 % of the incident light. From the confocal microscope images it can be 
seen that the surface enlargement E compared to an ideally flat surface is similar for both textures (E = 
1.5). This means that the honeycomb texture yields a much lower reflection with an equal surface area. 
Surface enlargement is critical because increase leads to more surface recombination and hence reduces 
Voc.  
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Fig. 2. Reflection curves recorded with an integrating sphere. The honeycomb texture (solid black line) reflects less (18.2 %) than 
the acidic texture (25.8 %, dashed black line). After an anti reflection coating (ARC) the honeycomb texture reflects 4.5% (solid 
blue line) and the acidic texture reflects 6.6% (dashed blue line).  
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The silicon nitride thickness that resulted in minimal reflection of 4.5 % was 74 nm and it was 
therefore applied to all honeycomb-textured wafers. In Fig. 2 the reflection of HC-textured wafers after 
PECVD is compared to acidicly textured reference wafers, which have a weighted reflection of 6.6 %. 
The difference in reflection is 2.1% absolute and makes it possible to estimate a short circuit current gain 
(jSC gain) of 0.8 mA/cm2 when using the HC-texture instead of the standard texture. 
 
4. Results of QSSPC measurements 
In Table 1 the results of the QSSPC measurements after fast firing at 860 °C are listed. Based on the 
lifetime results as well as the material data the recombination current in the emitter j0E and the expected 
open circuit voltage on FZ-wafers VOC,impl. could be calculated [6] and are also listed in Table 1. A VOC 
gain of 7 mV can be achieved with the HC-texture. The reason for the higher VOC potential might be the 
higher regularity and the reduced appearance of steep flanks and acute spikes on the texture. Combined 
with the jSC gain, an overall efficiency gain of 0.6 % might be deduced when using a HC-texture instead 
of the acidic texture. 
Table 1. Results of the lifetime measurements on the floatzone wafers. The values for the recombination current in the emitter j0E 
and the open circuit voltage that is expected for FZ-wafers VOC,impl. have been calculated according to [6]. With the ± sign the 
standard error of the mean for a 95 % confidence interval is shown 
 τeff / μs j0E / fA * cm-1 VOC,impl. / mV 
HC-texture 24 ±4 370 ±70 635 ±5 
Acidic texture 24 ±1 480 ±30 628 ±1 
 
5. Conclusions 
The inkjet-honeycomb texturization process was successfully adapted to as-cut FZ-Si wafers of 150 
mm diameter. FZ-wafers were chosen because they make precise lifetime measurements possible. The 
texturization process shown is independent of the crystal orientation and can hence be applied to 
multicrystalline silicon wafers. 
Because of an irregular bath agitation the etch rate was increased at the edges of the wafers. Therefore 
only the center of floatzone wafers could be etched with an optimal time. In this area of 11 cm x 11cm a 
weighted reflection of 18.2 % could be achieved after texturization. Lifetime measurements in the well 
textured area show that these wafers have a better passivation than the acidically texturized wafers. An 
efficiency gain of 0.6 % absolute could be calculated from the reflection data and from lifetime 
measurements. 
In future a shift to in-line processing will eliminate the problems with bath agitation and a more 
precise metallization alignment will improve the metallization. 
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